Abstract -The advantages and demerits of a 5-hp
experimental emulation of stator winding inter-turn and broken rotor bar faults, are presented in this paper. It encompassing of around 4000 of all motor faults, see Table I .
Issues associated with the reconfigurable rotor cage design A. Stator Design and resulting experimental data are fully detailed in this paper.
As mentioned earlier, the stator core was fabricated in such The cast-type squirrel-cage was used to establish a healthy a manner so as to be identical to that of an existing 5-hp motor performance database of current and voltage induction motor. The stator core consists of 36 slots, that is in waveforms, as well as Fast Fourier Transform (FFT) spectra this machine, there are 6 slots per pole (for a 6-pole motor) [4] , [5] and pendulous oscillation swing angle profiles [7] [8] [9] . and not skewing the rotor was to facilitate/ease the the stator winding inter-turn faults using the experimentally dismantling of the rotor cage bars when necessary, for rotor acquired motor fault signature data. The purpose of such tasks fault emulation purposes. is to verify the performance of the reconfigurable induction
In order to emulate stator inter-turn short-circuit faults, the motor under healthy and faulty conditions. In addition, this motor had a phase winding that was prepared with taps for section includes the rotor broken bar faults under load purposes of "experimental mimicking" of incipient inter-turn conditions and the diagnostic results using the FFT [4] , [5] and faults. Ten taps were soldered sequentially every two turns, pendulous oscillation [7] [8] [9] -| l l l l l l l~~~~~~to secure these parts to the shaft so that they rotate as one -1l l l l l l l o~~~~~~~~iece with the shaft. short circuit fault conditions, two fault diagnostic techniques, namely the pendulous oscillation phenomenon [7] [8] [9] and the negative sequence component concept [1] [2] [3] , were utilized.
of one, two and three broken bars, at full-load conditions are As reported in [9] , the range of the pendulous oscillation also depicted in Fig. 14 Fig. 12 and Table III . Notice in Fig. 12 that the case to case because of the required disassembly of the rotor swing angle, zia, is plotted with respect to the circulating loop cage between the various tests. It was also found that the sidecurrent ratio, I4 / Ia (or If / It,). A similar trend can also be band components are highly dependent on the rotor cage observed using the negative sequence component concept [1] temperature as illustrated for rotor cold and hot conditions in [3] as illustrated in Fig. 13 and Table III . Notice in Fig. 13 that Fig. 15 , which again tend to allude to the uneven distribution the magnitude of the negative sequence component of stator of contact resistances between the rotor bars and the end-rings. currents, In, progressively increases with an increase in the
The above results presented in current spectra form in Figs. number of shorted turns, if and only if the circulating loop 14 and 15 were reexamined using the pendulous oscillation current exceeds the line current. It is of importance to mention method and the resulting pendulous oscillation fault indicators that the swing angle and the negative sequence current were consistent with our findings regarding inconsistencies in component are nonzero under a healthy condition due to the the contact resistances between bars and end-rings. These inherent motor manufacturing imperfections which resulted in pendulous oscillation findings are given for the healthy and slight unbalances in the motor phase a, b, and c currents. From one through three missing "broken" bars in Fig. 16 . Depicted these test results, one can conclude that the reconfigurable in Fig. 17 is the time domain profile of the pendulous motor has the capability of emulating stator winding inter-turn oscillation for the healthy rotor cage case. It is expected that faults.
the peak-to-peak value of the pendulous oscillation, also known as the swing-angle, in the healthy case should be C. Test Results ofReconfigurable Rotor Faults negligible as shown earlier for the die-cast cage of Fig. 11 .
In the reconfigurable squirrel-cage case, the rotor circuit did However, as can be seen from Fig. 17 rotating component at -sf with respect to the rotor which is improve the performance of the motor. The spectra of the m,s motor phase currents corresponding to different fault scenarios Fig. 11 . Healthy die-cast rotor cage pendulous oscillation. 
